REMARKS 
Amendments 

Claims 5-12, 22, 23 and 25 have been canceled, claims 1-4 and 13-16 have been 
withdrawn, claims 17, 20, 21 and 24 have been amended, and claims 26-31 have been added. 
Upon entry of the amendment, claims 17-21, 24 and 26-31 will be pending. Support for the 
added claims can be found in the specification, for example, on page 6, lines 27-30; page 17, 
lines 22 through page 19, line 1 1; the Examples; the Figures; and in the claims as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejections 

Rejections under 35 U.S.C. §101 

The Examiner has rejected claims 17-19 and 24 because the claimed invention is 
allegedly not supported by either a specific or substantial asserted utility or a well-established 
utility. 

Applicant respectfully traverses the rejection. Amended claim 1 is drawn to a transgenic 
mouse whose genome comprises a null LPR5 allele; said null allele comprising exogenous DNA. 
According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and useful . . . composition of 
matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial and credible . 



If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
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would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 



(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Langer and subsequent cases direct the Office to presume that a statement of utility made 
by an applicant is true , [citations omitted] . . . Clearly, Office personnel should not begin 
an evaluation of utility by assuming that an asserted utility is likely to be false. 

Compliance with 35 U.S.C. 101 is a question of fact [citations omitted]. Thus, to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
Office personnel must establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e., "question") the truth of the statement of utility . ... To do this, 
Office personnel must provide evident sufficient to show that the statement of asserted 
utility would be considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, ni(A)(emphasis added). 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectiveness of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 
provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
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is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
applicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversmg 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. An assertion of utility is presumed to be true . The burden is on the Examiner to show 
that one of ordinary skill would find the asserted utility to be false. The present invention 
satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mouse have the inherent and well-established utility of defining the function and role 
of the disrupted target gene , regardless of whether the inventor has described any specific 
pheno types, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
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assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

( http://www.genome.gov/pfv.cfin?pageid ::::: 10QQ5834 )(emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skarnes) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal, and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homologs in 
humans; and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function , the frequency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al, Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
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for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis in original, emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g., they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function), one that is clearly recognized by those skilled in the art. 

For example, according to the Molecular Biology of the Cell (Albert, 4 th ed., Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 
attached), another well respected textbook in the field of genetics: 
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The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. (Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo . . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo . 

(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function , as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

Finally, Applicant notes that in an earlier Office Action (paper no. 11) the Examiner had 
rejected the claimed invention as being obvious. The Examiner argued that one of ordinary skill 
would have been motivated to disrupt the LRP5 gene to determine the function of the gene 
(paper 1 1, p. 15). Thus, the Examiner argues that the same ordinary artisan, although he would 
have been motivated to make the mouse, would not know how to use the mouse once created. 
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The Examiner cannot reasonably maintain such contradictory positions . Applicant submits that 
the Examiner's statements are effectively an admission that the claimed invention satisfies the 
utility requirement. 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose. The Applicant has 
demonstrated and disclosed specific phenotypes of the presently claimed mice. Utility of the 
claimed knockout mouse would be apparent to, and considered credible by, one of skill in the art, 
as the role of knockout mice in studying any of these conditions is both specific and substantial. 

The Examiner argues that the phenotypes do not correlate with human disease. The 
Examiner's arguments are similar to arguments made by the Patent Office with respect to 
pharmaceutical compounds the utility of which were based on murine model data, arguments 
which were dismissed by the Federal Circuit in In re Brana (34 U.S.P.Q.2d 1436)(Fed. Cir. 
1995). The case involved compounds that were disclosed to be effective as anti-tumor agents 
and had demonstrated activity against murine lymphocytic leukemias implanted in mice. The 
court ruled that the PTO had improperly rejected, for lack of utility, claims for pharmaceutical 
compounds used in cancer treatment in humans, since neither the nature of invention nor 
evidence preferred by the PTO would cause one of ordinary skill in art to reasonably doubt the 
asserted utility. 

The first basis for the Board's holding of lack of utility (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were useful, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded from 
using the invention. {In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived from lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 
represented a specific disease against which the claimed compounds were alleged to be effective. 
{In re Brana at 1440). 
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The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of Section 112 unless there is 
reason to doubt the objective truth of the statements contained therein which must be relied on 
for enabling support." (Brana at 1441, citing In re Marzocchi, 439 F.2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. (Id.) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants' 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests ~ relevant only if the applicants were required to prove the ultimate value in 
humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefulness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . (Id.) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utility on its face. The PTO had not satisfied its initial burden. Accordingly, 
the applicants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 112. (Id.) 

As in Brana, Applicant has asserted that the claimed invention is useful for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 
acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 
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Definitive proof that the phenotypes observed in the null mouse would be the same as 

those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 

that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 

knockout mice are recognized in the art as models for determining gene function, both in mice 

and in humans. According to Austin et al.: 

Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, {Laboratory 

Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 

correlate to gene function: 

The conclusions will be that the knockout phenotypes do, in fact, provide accurate 
information concerning gene function , that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(emphasis added). 

In Brana, the claimed compound had demonstrated activity against a murine tumor 
implanted in a mouse. Yet, the Federal Circuit found that utility had been demonstrated. Here, 
the invention relates to a disruption in a murine gene in a mouse. Like the tumor mouse model, 
the knockout mouse with a specific gene disrupted is a widely accepted model, the utility of 
which would be readily accepted in the art. It is submitted that one skilled in the art would be 
without basis to be reasonably doubt Applicant's asserted utility, and therefore the Examiner has 
not satisfied the initial burden. 

The Examiner argues "increased anxiety" and "hypoactivity" are not specific to any 
disease; the results are not statistically significant "because the number of mice is not disclosed"; 
and it cannot be determined what "2,1" means in the Figures. 

Applicant disagrees. The open field test is a standardized test used to evaluate anxiety 
behavior in mice (see, for example, Crawley et al., What's Wrong With My Mouse Behavioral 
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Phenotyping of Transgenic and Knockout Mice, pp. 181-183, Table 10.1, Wiley-Liss 2000). 
Applicant requests clarification of the Examiner's position. Is it Examiner's position that: 

1 . The open field test is not accepted in the art as a valid test for anxiety in mice; or 

2. Anxiety is not a disease. 

With regard to statistical significance, the courts, the Board and the PTO have made clear 
that statistical significance is not a requirement (see MPEP 2107.02, VII, also cited above). 
Regardless, the results were determined to be statistically significant. As is standard in the art 
(see Crawley), all behavioral tests set forth in the Examples were performed using ten (10) 
homozygous mice and compared with at least ten (in this case, 1 1 were used) wild-type control 
mice. The data underlying the results, including the number of mice, is set forth in Deltagen's 
commercial database product, DeltaBase, which is licensed to Merck, Pfizer and 
GlaxoSmithKline, among others. 

With regard to "2,1" such designations would be clearly recognized by one skilled in the 
art as generational designations (i.e., N2F1), and not an indication of the number of mice used. 
"F" is the falial generation designation and N is the backcross mating designation (see, e.g., 
www.nmf.jax.org). 

The Examiner argues that retinal degeneration has not been linked to the LRP5 gene in 
humans. 

Applicant submits that, as reflected above, the use of knockout mice to predict and 
understand gene function in humans is well accepted and established in the art. It is 
unreasonable for the Patent Office to require verification of the observed phenotype in humans in 
order to satisfy the utility requirement. Such is contrary to the holding in Brana. 

Moreover, in this case, the LRP5 gene has been linked to retinal and eye disorders. For 
example, the mutations in the human LRP5 gene has now been linked to familial exudative 
vitreoretinopathy, a hereditary eye disorder (Jiao et al., Am. J. Hum. Genetics, 2004 75(5):878- 
84). The Examiner's citation of the post-filing publications of Gong and Kato only supports the 
Applicant's original findings. 

The Examiner states that: 

It is well known that knockout mice could be used for scientific research to determine the 
function of a gene. However, scientific research is not the same as "patentable utility" or 
a "well-established" utility. 
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(page 5). Applicant disagrees. According to the MPEP, if an " assertion would be 
considered credible by a person of ordinary skill in the art , do not impose a rejection based on 
lack of utility " (MPEP § 2107, II (A)(3); II (B)(1)). If it is well known to those skilled in the art 
that KO mice are useful for determining gene function, then those skilled in the art would 
certainly regard such use as credible. Nothing more is required to satisfy the statutory 
requirement of patentability. 

The Examiner argues that if significant further research is required to determine the 
function to the gene, then such use does not rise to the level of a "well-established utility." 

First, Applicant submits that whether further research is required does not make the 
asserted use any less credible. The Applicant has satisfied the requirements set forth in the 
MPEP guidelines, that one skilled in the art would regard the asserted utility as credible. 

Second, Applicant respectfully submits that the Examiner needs to differentiate between 
the utility of the claimed mouse and the utility of the target gene, the latter of which is not being 
claimed. According to the MPEP, "the claimed invention is the focus" of the utility requirement 
(MPEP § 2107.02, 1). 

The Examiner cites the MPEP for the proposition that "[b]asic research such as studying 
the properties of the claimed product itself or the mechanisms in which the material is involved" 
is not a substantial utility (MPEP § 2107.01 I). 

This statement must be put in proper context. The section from which it is cited in 
entitled "Substantial Utility." The section additionally provides: 

A "substantial utility" defines a "real world" use. Utilities that require or 
constitute carrying out further research to identify or reasonably confirm a "real world" 
context of use are not substantial utilities. ... the following are examples of situations 
that require or constitute carrying out further research to identify or reasonably confirm a 
"real world" context of use and, therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed product itself or 
the mechanisms in which the material is involved; 

Office personnel must be careful not to interpret the phrase "immediate benefit to 
the public" or similar formulations in other cases to mean that products or services based 
on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 USPQ 689, 
695 (1966). Rather, any reasonable use that an applicant has identified for the invention 
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that can be viewed as providing a public benefit should be accepted as sufficient, at least 
with regard to defining a "substantial" utility . 



(MPEP § 2107.01 1)(emphasis added). 
The MPEP additionally provides: 

Office personnel must distinguish between inventions that have a specifically 
identified substantial utility and inventions whose asserted utility requires further 
research to identify or reasonably confirm . Labels such as "research tool," 
"intermediate" or "for research purposes" are not helpful in determining if an 
applicant has identified a specific and substantial utility for the invention. 

(MPEP § 2107.01, 1). Thus, the cited portions of the MPEP guidelines relate to the 
situation where further research is required to establish or confirm any utility. Such is not the 
case here. As acknowledged by the Examiner, knockout mice have a well-known use in the 
study of gene function. In the present case, the present invention does not require further 
research to establish a utility. Applicant has determined that the LRP5 gene is associated with 
eye disorders and anxiety behavior. The Applicant has provided an immediate benefit to the 
public. Whether additional research is required to identify drugs capable of targeting the LRP5 
receptor or gene is irrelevant to whether the claimed invention has satisfied the utility 
requirement. 

The Examiner cites Olsen for the proposition that GABA KO mice "merely" provide 
clues to pathways, which according to the Examiner, is not a substantial utility. The Examiner 
argues that the phenotype does not necessarily reflect a role for the GABA protein because other 
proteins may compensate to cause the phenotype. 

Olsen is clearly unsupportive of the Examiner's position . As even cited by the Examiner, 
Olsen states that "gene targeting is useful in delineating the contribution of a given gene product 
to phenotypic characteristics" even though " some gene knockouts lead to embryonic or perinatal 
lethality, and others lead to no apparent phenotype" (emphasis added). In fact, even with respect 
to GABA genes, Olsen concludes that " the use of mutant and knockout mice has aided 
understanding of the roles of GAD and GABAR in the intact mammalian organism, with much 
promise for additional information to come " (Olsen at 91). Even with respect to mice having 
increased lethality, Olsen states: "[t]he 72 and (33 subunit knockouts are associated with early 
postnatal lethality but have nonetheless provided considerable new information about their 
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importance, include relevance to neurodevelopment, synaptogenesis, and possibly human 
disease. The 03 is a strong candidate for involvement in the epilepsy and other phenotypic 
attributes of Angelman syndrome, a human genetic disorder characterized by mental retardation, 
seizures, motor incoordination, and sleep disturbances. The jZL knockout has allowed direct 
testing and negation of the selective subunit hypothesis for ethanol modulation of GABAR 
function. The 5 subunit knockout appears to provide information about the function of GABAR 
in adult cerebellum, dentate gyrus of the hippocampal formation, and the thalamus . GAD^ 
GABAR /33, and GABAR 8 subunit knockouts all exhibit spontaneous seizures, but of different 
sorts, confirming suspicions that GABAR malfunction might produce epilepsy by more than one 
mechanism and providing excellent animals models for investigation of the cause of the seizure 
phenotype ." (Olsen at 91-2). 

Olsen goes further: tc [i]n summary, transgenic and knockout mice have demonstrated that 
GAB A plays a major role in brain development , control of palate formation, and epileptogenesis 
via multiple mechanisms." (Olsen at 92). It is untenable to cite Olsen as standing for the 
proposition that knockout mice do not have a well accepted use. 

In the present case, the claimed LPR5 null mouse in fact demonstrate phenotypes. Olsen 
would agree that such mice are clearly useful. 

The Examiner cites Bowery for the proposition that "the advent of GABA-B1 knockout 
mice has also failed to provide support for multiple receptor types" and concludes therefore that 
such knockout mice cannot be used to elucidate the role of the GABA-B1 receptor. 

Bowery is clearly unsupportive of the Examiner's position . For example, Bowery 
discusses use of hot-plate, tail-flick and paw pressure protocols to evaluate acute pain behavior 
in GABA-B1 null mutant mice. Based on the reported data, Bowery concludes "it is likely that 
GABA-B-mediated effects do indeed exert a tonic control of nociceptive proceses in the naive 
animal" (p. 255, col.2). Thus, Bowery supports the utility of knockout mice in evaluating the 
role of GAB A genes. 

The Examiner argues that wild-type mice can also be used to determine drugs that 
increase activity. 

The Examiner's argument is irrelevant to the issue of whether the claimed invention 
satisfies the utility requirement. 
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The Examiner argues that mice without LRP5 cannot be used to determine compounds 
that modulate LRP5. 

The claimed mice can be used to determine the specificity of drugs by comparison with 
wild-type mice (see, for example, new claim 31). In addition, the heterozygous mice do express 
the LRP5 gene. 

Regarding Mombereau, the Examiner argues, first, that antagonists were not found using 
the mice, they were found using in vitro assays. 

Applicant submits that it is well accepted in the art to use in vitro screening methods to 
identify potential agents prior to verifying the potency, safety, specificity and other pharmaco 
properties in vivo. The important point here is that Mombereau used the mice in 
pharmacological studies: he found them useful . It is irrelevant at what stage the claimed mice are 
used in the drug discovery process. 

Second, the Examiner argues that "too much further research would be required to 
determine whether 'positive modulators' or 'antagonists' that bind GABA B will treat anxiety or 
how to modify the compounds so that they can treat anxiety" (p. 10). 

Applicant submits that the focus is on the claimed invention. Whether further research is 
required to identify drugs is irrelevant to and distinguishable from whether further research is 
required to establish any utility for the claimed mouse. Applicant has satisfied the latter: no 
further research is required to show that the mice have utility. 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying LRP5 gene function with respect to the cited 
phenotypes, and are therefore useful for a specific practical purpose that would be readily 
understood by and considered credible by one of ordinary skill in the art. 

In light of the arguments set forth above, Applicant does not believe that the Examiner 
has properly made a prima facie showing that establishes that it is more likely than not that a 
person of ordinary skill in the art would not consider that any utility asserted by the Applicant to 
be specific and substantial. {In re Brana; MPEP § 2107). 

Withdrawal of the rejections is respectfully requested. 



19 



Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner has rejected claims 17-19 and 24 because one skilled in the art would 
allegedly not know how to use the claimed invention as a result of the alleged lack of either a 
specific or substantial asserted utility or a well-established utility for the reasons set forth in the 
utility rejection. Applicants respectfully traverse the rejection. For the reasons set forth above, 
the claimed invention satisfies the utility requirement. Therefore, one skilled in the art would 
know how to use the invention. 

Rejection under 35 US.C. § 112, first paragraph 

Claims 17 and 24 are rejected for allegedly failing to meet the written description 
requirement. The Examiner argues that the specification does not support an LRP5 deficient 
mouse having hypoactivity. 

Applicant disagrees. Support is found on page 51, lines 6-8, where is it stated that the 
mice were "significantly hypoactive" relative to wild-type mice. Withdrawal is respectfully 
requested. 

Additional Comments re Previous Rejections under 35 U.S.C. § 102(b) and 103(a) 
In paper no. 11, the Examiner had rejected claims 5-12 as being anticipated by 
Rohlmann. Applicant notes that Rohlmann discloses a conditional KO mouse having a liver 
specific disrupted LRP allele. Rohlmann does not disclose a mouse whose genome comprises a 
null LRP5 allele. 

In paper no. 11, the Examiner had also rejected the claims as obvious over Rohlmann in 
view of Hey. Applicant notes that Hey discloses mouse cDNA encoding LRP5. Hey does not 
disclose genomic sequence for LRP5. Rohlmann describes transgenic mice having an inducible 
(i.e., conditional) transgene. Rohlmann does not describe how the lox sites were introduced, nor 
does Rohlmann describe how one skilled in the art would use the LRP or LRP5 coding sequence 
to create a mouse having a null LRP5 allele. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
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of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 

Respectfully submitted, 

Date John E. Burke, Reg. No. 35,836 

Merchant & Gould P.C. 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 



developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cp/ at , Lep ob , Lepr db and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 



three months of birth (even on a low- fat diet) are characteristics of several experimental models for 
human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mdx mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 

Last Reviewed: September 2004 
Top of page 



The Knockout Mouse Project 

Mouse knockout technology provides a powerful means of elucidating gene function /n r/vo, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published 
knockouts exist for only about 10% of mouse genes, furthermore, many of these are limited In utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is time to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes F and place these resources into the public domain. 



Now that the human and mouse genome 
sequences are known t-i , attention has turned 
to elucidating gene function and identifying 
gene products that might have therapeutic 
value. The laboratory m<H»e (Mut musctifus) 
has had a prominent role »n the study of 
human disease, mechanisms throughout the 
ridv 100- year history of classical mouse genet- 
ics, exemplified by the lessons learned from 
naturally occurring mutants such as agouti 1 , 
rcsder 5 and obese 6 . The large- scale production 
and analysis of induced genetic mutations in 
worms, flies, zebrafish and mice have greatly 
accelerated the understanding of gene function 
in these organisms Among the mode! organ- 
isms, the. moose offers particular advantages 
for the study of human biology and disease: (i) 
the mouse is a mammal and its development, 
bod>* plan, physiology, behavior and diseases 
have much in common with those of humans; 
(if) almost all (99%) mouse genes have 
homolog* in humani; and (in) the mouse 
genome supports targeted mutagenesis in spe- 
cific genes; by homologous recombination in 
embryonic swm t ES) ceu ** allowing genes to he 
altered efficiently and precisely. 

The ability to disrupt, or knock out, a spe- 
cific gene in K$ cells and mice was developed 
in the late 1980s { ret'. 7), and the use of knock- 
out mice has led to many insights into human 
biology and disease*"*'. Cumrti technology 
also permits insertion of 'reporter' g*rw* into 
the knocked-out gene, which can then be 
used to determine the temporal and spatial 



Tht Comprehensive Kmnkovt Mouse 
Project Cotuart'mm* 

^Authors atut tlwir afftliatiotn art listed at the 
end of the paper. 



expression pattern of the knocked-out gene in 
mouse tissues. Such marking of cells by a 
reporter gene facilitates the identification of 
new cell types according to their gene expres- 
sion patterns and allows further characterisa- 
tion of marked tissuesand single cells. 

Appreciation of the power of mouse genet- 
ics to inform the ssudy of mammalian physi- 
ology and disease, coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated allele*, has catalyzed pub- 
lic and private sector initiatives to produce 
mouse mutants on a large scale, with the goid 
of eventually knocking out a substantial por* 
tion of the mouse genome I,arge*$cale, 
publicly funded gene- trap programs have 
been initialed In several coun tries* with the 
International Gene Trap Consortium coordi- 
nating certain efforts and resources U * ,J . 

Despite these efforts, the total number of 
knockout mice described in the literature is 
relatively modest* corresponding to only- 10% 
of the -25,000 mouse genes. The cuxated 
Mouse Knockout & Mutation Database lists 
2*669 unique genes (C Rathbone, personal 
communication^ the curaicd Mouse Genome 
Database lists 2,847 unique gene»> and an 
analysis at Lexicon Genetics identified 2,492 
unique genes (B.Z,, unpublished data). Most 
of these knockouts arc not readily available to 
scientists wEio may want Eo use then? in their 
research; for example, only 415 unique genes 
are represented as targeted mutations in the 
Jackson Laboratory's Induced Mutant 
Resource database (S. Rock wood, personal 
communication }. 

The converging interests of multiple mem- 
bers of the genomics community led to a meet- 
ii>g to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for all mouse genes and place them into the 
public domain. The meeting took place from 
30 Sqrternbcj to I October 2003 at the 
Banbury Conference Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing ire the authors of this paper. 

Is a systematic project warranted? 

A coordinated project to systematically knock 
out all mouse genes is likely to be of enormous 
benefit to the research community, given the 
demonstrated power ofknockout mice to eluci- 
date gene function, the frequency of unpre- 
dieted phenotypes in knockout mice, the 
potential economies of scale in an organized 
and carefully planned project, and the high cost 
and lack of availability of knockout mice being 
made in current efforts. Mojeover, implement- 
ing such a systematic and comprehensive plan 
will gready accelerate the translation of genome 
sequences into biological insights, Knockout ES 
cells and mice currxndy available from the pub- 
lic and private sectors should be incorporated 
into the genome-wide initiative as much as 
possible, although some maybe need to be pro- 
duced again if they were made with subopttmal 
methods (c.£, not including a marker) or if 
their use is restricted by intellectual property or 
other constraints. The advantages of such a sys- 
tematic and coordinated effort include efficient 
production widi reduced costs; uniform use of 
knockout methods, allowing for more compa- 
rability between knockout mice; and ready 
access to mice> their derivatives and data to all 
researchers without encumbrance, Solutions to 
the logistical, organizational and informatics 
issues associated with producing, characteriz- 
ing and distributing such a large, number of 
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Fijure 1 Structure of resource production in the proposed KOMP. Using the rfiouse genome sequence 
as a foundation, knockout afleies in ES cells will be produced for ail genes, A subset cf ES cell 
knocttoi-'ts wit I be use<3 each year to produce knockout mice, Cater mir*e trie expression pattern of the 
targeted gene in a variety oJ tissues and carry out screemng-level (Tier 1} phenotyping. in a subset of 
mouse tines, transcriptome analysis and more detailed system-speeiJIc (Tier 2) phenotyping will be 
done. Finally, specialised phenotyping wiH be don* on a smaller number oi mouse tines with 
particularly interesting phenotypes. AM stages will occur within the purview ol the KOMP except for the 
specialized phenoiyprng, which will occur in individual laboratories with particular expertise. 



mice will draw from the experience of related 
projects in the private sector and in academia, 
which have made or phenatyped hundreds of 
knockout mice using a variety of techniques. 
Lessons learned from these projects include the 
need for redundancy at each step to mitigate 
pipeline bottlenecks and the need for robust 
informatics systems to track the production* 
analysis, maitttattnee and distribution of ihou- 
wtuta of targeting constructs* ES cells and mice. 

Null-reporter allele* should be created 
The proj ect should gem me alkies th at are 
as uniform as possible* to allow efficient pro- 
duction and comparison of mouse pheno- 
t ppes* The alleles should achieve a balance of 
utility, flexibility, throughput and cost. A 
null allele is an indispensable starting point 
for studying the function of every gene. 
Inserting a reporter gene (e.g., p-galactosi- 
dase or green fluorescent protein) allows a 
rapid assessment of which cell type* nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a null- 
reporter allele for each gene. Making each 
mutation conditional in nuture by adding 
ciVclcmcms {e*e., to*P or FRT sites) would 



be dessrablcbut we do not advocate this as 
part of the mutagen-esis strategy unless the 
technological limitations currently associ- 
ated with generating conditional targeted 
mutations on a large scale and in a cost- 
effective manner can be overcome, 

A combination of methods should he used 
various methods can he used to create 
mutated alleles* including gene targeting, 
gene trapping and RNA interference. 
Advantages of conventional gene targeting 
include flexibility in design of alleles, lack of 
limitation to integration hot spots, reliability 
for producing complete loss -of- function alle- 
les, ability to produce reporter knock ins and 
conditional alleles, and ability to target splice 
variants and alternative promoters. BAG- 
based targeting has the potential advantages 
of higher recombination efficiencies and flex- 
ibility for producing complex mutated alle- 
les 1 *. Gene trapping is rapid, is cost-effective 
and produce* a large variety of inscrtiartal 
mutations throughout the genome but can be 
somewhat less flexible* 7J *"' 21 . There ts uncer- 
tainty regarding the percentage of gene traps 
that produce a true null allele and &e fraction 



of the genome that can ultimately be covered 
by gene-trap mutations. Trapping is not 
entirely random but shows preference for 
larger transcription units and genes more 
highly expressed in ES cells. In recent studies, 
gene trapping was estimated to potentially 
produce null allele* for 50-60% of all genes, 
perhaps more if a variety of gene*lrap vectors 
with different insertion characteristics is 
used 17 ^*. RNA interference offers enormous 
promise for analysis of gene function hi 
mice 22 but is not yet sufficiently developed for 
large-scale production of gene modifications 
capable of reliably producing true null alleles. 
Both gene-targeting and gene-trapping meth- 
ods are suitable for producing large numbers 
of knockout alleles and, given their comple- 
mentary advantages, a combination of these 
methods should be used to produce the 
genome- wide collection of null-reporter alle* 
les most efficiently. 

What should the deliverables be? 
A genome- wide knockout mouse project 
could deliver to the research community a 
trove of valuable reagents and data, including 
targeting and trapping constructs and vec- 
tors, mutant ES eel! lines, live mice, froren 
sperm, frozen embr yos t phenotypic data at a 
vsrieiy of levels and detail, and a database 
wit h data visual oration and mining tools. At a 
minimum, we believe that a comprehensive 
genome -wide resource of mutant ES cell lines 
from an inbred strain, each with a different 
gene knocked out, should be produced arid 
made available to the community. Choosing 
an inbred line (129/SvEvTac or C57BU6J), 
and evaluating the alternative of using F ( ES 
cells and tetraploid aggregation to provide 
potential time savings, merits additional sci- 
entific review and discuss ion 2 * * 4 . ES cells 
should be converted into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana* 
lvzc them. Although the value and cosi-efTec* 
tivencss of systematically character! rang the 
mice is a matter of debate, a limited set of 
bmad and cost-effective screens, probably 
including assessment of developmental 
lethality, physical examination, basic blood 
tests, and histoehemical analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on findings 
from the initial screen or existing knowledge 
of the gene's function, could be done at spe- 
cialized center*. All ES cell clones and mice 
(as frozen embryos or sperm) should be 
available to any researcher at minimal cost, 
and all mouse phenotyping and reporter 
expression data should be deposited into a 
public database. 
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in determining how to implement the pro- 
ject, utility to the research community should 
be the standard for judging value Each step 
after ES cell generation {«.#, mouse creation, 
breedings expression analysis phenotyping) 
will make the resource usehil to more 
researchers but will also increase costs and sci- 
entific complexity. We therefore advocate a 
'pyramid* structure for the project (Fig. 1), At 
the base of the pyramid is the genome*wkte 
collection of mutant ES cells for every mouse 
gene* Over time I a subset of these mutant ES 
cells slutuld be made into mice and character- 
ized with an initial phenotype screen (Tier 1; 
Fig. 0 and analysis of tissue reporter-gene 
expression. A subset of these lines should be 
profited by miccoarray analysis, arid a sunset of 
these profiled by system- specific (Tier 2) phe- 
notyping, based on the results of the 'ficr 1 
phenotyping, array studies, existing knowl- 
edge of the gene s function and the gene's tissue 
expression pattern. With time, the upper tiers 
of the pyramid will be filled out, eventually 
transforming the pyramid into a cube, with 
information of all types available for all genes. 

This project will require the resolution of 
numerous intellectual property claims involv* 
ing the production and we of knockout mice. 
To deal with the existing patents thai cover 
the technologies and processes involved in the 
production of mutant mice* we suggest that a 
'patent pool*, such as that used in the semi- 
conductor industry 25 , should be generated. 
Several individuals who represent entities that 
control patents on mouse knockout technolo- 
gies are authors on this paper* and they agree 
with this approach. We also agree that any 
mutant ES cells or mice produced should be 
placed immediately in the public domain. 

Mechanisms and costs 

ES cell production. Automated knockout 
construct and ES cell production should be 
carried out in coordinated centers to ensure 
efficiency and uniformity. We estimate that 
most known mouse genes could be knocked 
out in ES ceils within 5 years, using a combina- 
tion of gene*trapplng and gene- targeting tech- 
niques. Gene trapping can produce a large 
number of mutated allele* quickly, but its 
progress should be monitored closely to deter- 
mine when its yield of new genes diminishes 17 
and* therefore* when targeting should be 
increasingly relied on. As large-scale trapping 
projects have already defined gene classes thai 
probably cannot be knocked out by trapping 
<A£, smgJc-exon genes that are not 

expressed in ES ccflsk we propose that target- 
ing begin on those classes immediately, All ES 
cells should be made available to the research 
community because this collection itself 



would be a valuable resource, Efforts in rhe 
public and private sectors haw already 
knocked out many genes m E5 cells, and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics (Lt„ null alleles with a 
reporter) and are available* every effort should 
be made to incorporate these into the planned 
public resource. Cost* for generating this part 
of the resource were estimated at between 
$9-1 1 million/year for five years (these and all 
subsequent figures are direct costs). 

Mouse production. The subset of ES cdjs 
made into mice each year should be chosen by 
a peer-review process. Central facilities for 
high-efficiency mossc production, genotyp- 
tng, breeding, maintenance and archiving 
should he funded, to take advantage of effi- 
ciencies of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outside the centers, as long as 
they meet the cost specifications of the pro 
gram. All mice should be made available 
immediately to researchers as frOJUfn embr yos 
or sperm, For nominal distribution cost. An 
initial target of 500 new mouse lines per year 
would double the current rate at which new 
genes are knocked out in the public sector, we 
feel that this rate is within the capacity of the 
biomedical research community worldwide 
to absorb and analyze* We estimated the irn- 
tial cost of this level of mouse production to 
be S 12.5-15 million per year. 

Reporter tissue expression analysis. 
Approximately 10 tissues from adult and 
dcvelopmcnral stages should be sampled to 
cover the main organ sysrems. Analysis meth- 
ods should be customised to the organ system 
and marker, and a searchable database of the 
sites of gene expression, and the images show- 
ing them, should be produced. Centers to 
carry out these analyses and data curat ton 
should be selected by peer review. We esti- 
mated the cost of this component for 500 
mouse line* to be $2,5-5 million per year* 
depending on how much tissue sectioning and 
cell-level analysis is done. 

Prumo typing. Tier 1 phenotypmg should 
be a tow-cost screen for dear phenotypes and 
should be done on all mouse lines produced. 
Tier I should include home-cage observation, 
physical examination, blood hematological 
and chemistry profiles, and skeletal radi- 
ographs. The centers producing the mice 
should carry out the Tier I analyses, at an est i- 
mated cost of SZ5 million per year for 500 
lines, Selected lines, chosen on the basis of 
findings from Tier 1 phenotyping, tissue 
expression patterns, microarray data and the 
scientific literarure, should undergo more 
detailed and system- focused Tier 2 phenotyp- 
ing- Tier 2 phenotyping should be done in 



specialized phenotyping centers,, akin to those 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. AU Tier 1 and 
Tier 2 phenotyping should be done on a uni* 
form genetic background by dedicated groups 
of individuals in single locations, to facilitate 
eomistency and cross-comparison of results 
among different mouse lines. All Tier t and 
Tier 2 phenotyping results should be 
deposited into a central project database freely 
accessible to the research community. More 
detailed and specialized phenotyping could be 
done by individual researchers in their own 
laboratories; deposition of this more detailed 
phenotype data would be encouraged. 

Tran&criptoroe analysis. Traiucriptomc 
profiling of tissues from each knockout line* 
collected in a uniform way across all mice and 
tissues and placed into a searchable relational 
database, would add substantially to the sci- 
entific value of the project, though it would 
also add considerably to its cost 
Traiiscrtplome analysb should therefore be 
done on a subset of mice, chosen by peer 
review. We estimate that, with the best cur- 
rently available array technology, an analysis 
of ten tissues would cost -$18^000 per line. 

Cone Eus ions 

This project, tentatively named the Knockout 
Mouse Project (KOMP), will be a crucial step 
in harnessing the power of the genome to 
drive biomedical discovery By creating a 
publicly available resource of knockout mke 
and phenotypic daia, KOMP will knock 
down barriers for biologists to use mouse 
genetics in their research. The scientific con- 
sensus thai we achieved — (hat a ded tested 
project should be undertaken to produce 
mutant mice for all genes and place them 
into tfec public domain — is important bat is 
only the beginning, Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
including those responsible for program- 
marie direction and financial support of bio- 
medical research tn the public and private 
sectors. This ambitious and historic initiative 
must be carried out as a collaborative effort 
of the worldwide scientific community, so 
that all can contribute their skills, and all can 
benefit* International discussions among sci- 
entific and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sector*, have 
shown that there is great enthusiasm and 
commitment to this vision. The next step for 
KOMP will be to move this visionary plan 
from conceptualization to implementation, 
with an urgency befitting the benefits it will 
bring to science and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thames Boetschnmn 

Background and Purpose; in mice, genetic engineering involves two general approaches— addition of an ex- 
ogenous gene, resulting in transgenic mice, and um of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of those approaches is that questions can be asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among cells, tissues, and 
organs under normal, disease, injury, and stress Situations. 

Methods: Review of the literature concentrating principally on knockout mice and questions* of unexpected 
phenotypes, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusion: There is l ittle gene redundancy in mammals; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes, but also may lead to better understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to disco very of modifier gene(s). 



One often hears the comment that genetically engineered 
mice, especially knockout mice, are not useful because they 
frequently do not yield the expected phenotype. or they doot 
seem to have tiny phenotype. These expectations ore often 
based on years of work, and in some instances, thousands of 
publications of mostly in vitro studies. Examples of unex- 
pected phenotypes, based largely on experience with trans- 
forming growth factor beta {Tgfb) and basic fibroblast 
growth factor Q?gf2} knockout and transgenic mice* will be 
presented to discuss passible reasons for unexpected: knock- 
out phenotypes. The ctmclusioas will be that the knockout 
phenotypes do, in fact, provide accurate information con- 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole animal experiments that are relevant to the func- 
tion of thn genes in question, and that the absence ofpheno* 
type indicates that we have not discovered where or how to 
look for a phenotype. 

Before entering into how one should interpret unexpected 
knockout phenotypes and how one should deal with lack of 
knockout phenotypes, it \H necessary to give a brief introduc- 
tion into how knockout mice arc made. For detailed informa- 
tion, the following reviews are suggested ( 1-4). Transgenic 
technology has had a long history; thus, an introduction to 
that technology will not be given here. Rather, the following 
reviews are suggested (5, 6>. At this juncture, it should be 
rioted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology h&B 
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to date been successftil only in mice, even though embryonw 
stem (ES) cells have been produced from several other spe 
cies, including hamster (7), rat (8), rabbit (9, 10), pig (U-KJ). 
bovine (14, I5K and acbranah (16). Consequently, the entire 
discussion will be focused on mice. 

Knockout mice are generated by the injection of geneti- 
cally engineered or gene-targeted ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which in turn can paai 
on the engineered gene to its offspring. ES ceD lines are es- 
tablished from the inner cell mass of a mouse blastocyst, s< 
that when injected into blastocysts, the ES cells can incor 
porate into the inner cell mam of the recipient blastocysts 
thereby chi me riting them. Subsequent to transfer of the chi- 
meric blastocysts into uteri of pseud opregnant mice t chi 
meric mice are bom, If the germ line of a chimeric mouse ii 
colonized by cells derived Irani the injected ES cells, the chi 
inera is termed a "germhiie" chimera. Some of the offspring 
of the gerndiiie chimeras will then carry the engineerec 
gene in their genomes. Gene targeting in ES cells uses thi 
ES eel la* ON A repair apparatus to bring about homologoui 
recombination between an exogenous DNA fragment trans 
fected into the BS cell and its homologous region in the ge 
nonie. Homologous recombination usually results ii 
replacement of the endogenous region with the. exogenous 
fragment, thereby altering the endogenous gene in j 
prespecined manner. There are many variations on this pro 
cedure by which genes can be altered not only to ablate fane 
tioUi but also to make more subtle mutations (17-19). Sucl 
procedures can be used to introduce point imitations, re 
move specific splicing products, switch Jsofbrms, and human 
He genes. In addition, technology has recently beea 
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developed to make conditional and inducible knockouts in. 
which gene function is ablated either in a developmental? 
specified tissue (20-22) or in art inducible manner (23-26). 
These techniques, though exciting, will not be further dis- 
cussed. 

Extensive nonrodundancy in theTGFP family: Sev- 
eral thousand cell culture studies on the three mammalian 
transforming growth factor beta proteins {TGFjis h 2, and 3) 
have implicated these growth and differentiation factors in 
the function of nearly every cell type studied. Expression 
studies indicated unique and overlapping expression of the 
three TGF£s (27, 28 1 For example, overlapping protein local- 
ization was found in ail gut; eptthelia> all layers of the skin, all 
tee muscle types, kidney tubules, lung bronchi, cartilage, and 
bone (Table 1). Together with the feet that all three TGFfts sig- 
nal through a common TGf tvpe4I receptor (Figure IX these 
data strongly suggest considerable redundancy in function. 
Consequently, it is surprising tliaU of the >30 phenotypes of the 
three Tgfb knockout mice th at we have described (29-31), none 
appear to be overlapping (Table 2), These results indicate ex* 
tensive nonredundaney between TGFp ligands even though 
there is considerable overlap in expression. Of course, these re- 
sults do not rale out the possibility' of some redundancy in some 
tissues. Combination of the ligand knockouts would uncover 
such situatais t and It m likely that a few will exist, but 30 non- 
overlapping phenotypus for three ligands strongly suggests 
that a vast number of their functions are not redundant. 

There are several possible explanations for how there can 
be so much overlap in ligand expression and yet so much 
specific ligand function. First, TGFfJs are secreted as latent 
peptides and must be. activated before ihey can bind recep- 
tors (32-35). The mechanism by which this extracellular 
processing occurs is not well understood and may be differ* 
eat for each TGF£. Hence, ligand processing presumably de- 
termines some .fonetional specificity for the three TGFps. 
Second, there is a third type ofTGFp receptor, TGF£R3 f that 
can interact with ligand" and receptor types I and IX before 
cytoplasmic signaling can occur, though involvement of 
TGF|JR3 is nut essential for signaling (36-3S). Association 
with type III receptors ie thought to enhance some TGFjiRi 
and 2/ligand interactions. Upon ligand binding, the serine/ 
threonine receptor TGF|JK2 then associates with and phos* 
phorylates the transmembrane senne/threoninii receptor 
TGF^Bl, which in turn initiates a phosphorylation-medi- 
8ted signaling cascade. Hence, combinatorial roccptor/ligand 
interactions will also determine functional specificity Thirds 
signaling from TGFpRl can occur through two cytoplasmic 
signaling proteins called SMAD2 and 3 (39, 40) and, per- 
haps, through a third called SMABo (41). In addition, 
SMA06 and 7 can also interact with the other SMADa to in- 
hibit signaling (42-44). Hence, differential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional specificity for the- three TGFp 
ligands. Finally, there may be several non-transcriptional 
signaling pathways for TGFfls. For example, we have found 
that TOFpl-deficieot platelets from Tgfbl knockout mice 
have impaired platelet aggregation that can be restored by 
incubating isolated, platelets with recombinant TGFpl (un- 
published observations). Because platelets do not have a 
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nucleus, there must exist a signaling pathway that is 
nontranseriptional. In summary, given the complexities of 
ligand processing, receptor interaction*, and signaling path- 
ways it becomes clear why redundancy in TGF1, % and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
Tgfo gene family members. Consequently if other gene tol- 
lies function with similar complexity it is likely that, in the 
final analysis, little functional redundancy will be found 
within gene families. 

Two striking examples of apparent functional redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves xetinoie acid receptors. Contrary to 
early interpretations, redundancy does not now appear to be 
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Figure 1. TOFfJ signaling pathway The TGFfS %ands, TCFpl (pi), TGFp2 i$2), and TGFpB ([53 j, exist primarily in a kt&at form in vivo 
and are activated by mechanics not yet dear. In general, TGFp2 interacts with a TGFp type III receptor {HIID before interaction with 
TGFp type II CR1I) and TGFp type I <RI> receptors; whereas, the TGFp land TGFp3 Uganda can interact directly with the type 11 receptor. 
The %and receptor complexes can then associate with several cytoplasmic molecules, fanidsyl protein trans forage (FPT) andFK5G6 
binding profcem-32 {FKBP-12), being two potential examples. The recepterdigand complex signals to the nucleus through threonine/ 
serine phosphorylation of a aeries ofSMAD proteins (related to the Drosaphila ^mothers agaiu£t dMpsntaplegic* protein* which then 
elicit franadp-tianal regulation of extaeeliutar matrix, ceil cycle, differentiation and growth factor receptor genes. The roles of the associ- 
ated cytoplasmic molecules FPT and FKBP-12 are n ot clear hut art; thought fcd involve RAS pathway signaling and modulation of signal- 
ing' through the SMAD proteins. 



the ease for two of the myogenic genes known to bs essential 
for specification of vertebrate skeletal muscle, Myod and 
Myfo* Even though the individual knockouts have muscle, 
and only the combined knockouts do not have nuncio (45), it 
is now clear that each gene functions in the specification of 
distinct muscle cell lineages. Consequently, in the absence of 
one source of mugcle cells, the other source may compensate 
&>r that (46, 47). This should be termed developmental com- 
pensation, rather than gene redundancy On the other hand, 
with reaped to retinoic acid receptors, there is aim good evi- 
dence for functional redundancy. Similar io the myogenic 
genes, retinoic acid receptor gene knockout mice have few 
ph enQtypes, where as the combined knockouts have many 
phenotypes (48, 49). Whether this turns out to be gene re- 
dundancy or another case of developmental compensation 
remains to be determined, 



Lack of phenotype: As is the case for TGF£, there also is 
a multitude of reports indica ting that the FGFs I and 2 ha ve 
important roles in numerous cell types and tissues. Conse- 
quently, when the Fgf2 gene was knocked out by gene tar- 
geting, it was quite surprising that ther& was no obvious 
phenotype (50), The Fgj$ ih animals live a long, healthy life, 
and fertility and fecundity are normal, Even the pituitary 
gland, which is the best source of FGF2> appears not to have 
morphologic defects. The only evidence for any developmen- 
tal abnormalities is found in hematopoieaia (oG), where 
Mood platelet counts are high, and in the cerebral cortex (51, 
52), where morpho metric analysis -reveals decreased cell 
density, Clearly, these abnormalities are minor, compared 
with expectations. This was all the more evident because Our 
transgenic mice, in which the human FGF2 gene was ubiq- 
uitously overexpressed by the phc^phoglycerato kinase pro- 
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meter (53» t had very short legs, suggesting an important rote 
of FGF2 in bone development, yet the bones of the knockout 
animals were normal. This apparent discrepancy between 
the transonic attl knockout mice indicate that ^ *her 
FGF signals through the same FGF reeeptoT as does FGr 2, 
and that this other FGF is the true ligand that is important 
in bone development. Another possibility is that there 35 de- 
velopmental compensation" by alternative mechanisms. lit 
other words- the absence of f GF2 may cause developmental 
abnormalities during bone development that are then com- 
pensated for by another developmental pathway. This alter- 
native would not necessarily squire a different FGF to be 

involved, ^ _ . , 

After >ve hud made our first analysis oftheFg/2 knousouc 
mouse and did not find an obvious phenotype, it was easy to 
explain the "lack of phenotype" by invoking rednndan^r be- 
cause there are at least 18 known /fefgenes. But in hind- 
sight, it now appears more likely that all members of this 
larflegene family have specific functions, even though they 



signal through receptors encoded by only four receptor genes 
(54) In Fgft knockout mice, evidence was not found for «p- 
refmlation of the two Uganda most atmcturally related to 
FGF2 namely, FGF& 1 and 5 (50). - Also, genetic combuiatLon 

of Fgh F 8f 6 (50) m not mreai redundanc > r beiwecn 
these similar gone*. In addition, further analysis of the 
mica revealed rotes being played in hematopoiesw and 
vascular tone control (50) as well as in brain development 
and wound healing (61* 52). Finally in addition tojffc/2. 
Fgfy 3-5 7, B also have been ablated by gene targeting, re- 
vealing functions in proliferation or the inner cell mass 
iFtefi) (55); gustrulation and cardiac, craniofacial, fore- 
brain midbrain, and cerebellar development (FgfS) (56); 
brain and inner ear development (FgfS) {67, 68); and two 
aspects of hair development (FgfS and 7) (59, GO), fb date 
comparison of Fgf knockout phenoty pes from 6 of the 18 
Fgf genes has not turned up overlap except possibly in tne 
cerebellum- 'Together, those results indicate that each 
crene has important unique functions. Although a »ew re- 
dundant functions may eventually be found on combina- 
tion of Fg/2 with all other Fgfs except Fgf5 t it is clear that 
$ of the 13 Fgf&™* studied by gene targeting have been 
associated with essentially unique knockout phenotype 
lb summarize, what originally appeared as lack <rf pheno- 
type 1 * led many of m to the premature conclusjon that other 
FGFa must have functions redundant to those of FGt2. 
However, further analysis ofFg/2 knockout mice has since 
revealed a wealth of unique functions ranging from thromb- 
ocytosis and vascular tone control (50) to brain development 
and wound healing <5l, 52). It k my expectation that further 
physiologic analysis of the Fg/2 knockout mouse will reveal 
functions in the hypertrophic response to hypertension and 
responses to i^emia/reperfoaion injury and hone injury to 
the final analysis, it is likely that the major rote of FGF2 
may have less to do with getting us to birth than with keep- 
ing us alive after birth, whereas several other FGFs clearly 
have developmental roles* 

Effects of genetic background on phenotypie varia- 
tion: From 100 years of mouse genetics, it hm become clear 
that genetic background plays an important role in the sus- 
ceptibility of mice to many disorders. Therefore, the pheno- 
types of knockout mouse strains will also have genetic 
background dependencies, as wm first documented by the 
Magmison and Wagner groups (61. 62). The T U fhl knockou t 
mice are an exceptional case in point (Table 3). On a mised 
(50-50) 129 x CF1 background (CFl is a partially outbred 
strain), about half of Tgfbl knockout mice die from a preim- 
plantation developmental defect (63), and the other half die 
Of an autoimmune-like multifocal inflammatory disease at 
about weaning age (29), If the targeted Tgfbl allele is back- 
crossed onto a C57BL/8 background, 99% of all knockout 
animals die of the preimplantation defect<63). Howeven if a 
Tgfbl knockout allele is put onto a mixed 129 x NIH/Ola x 
C57BU6 background, embryo lethality is observed during 
yolk sac development, not during preimplantation develop- 
ment (64). With respect to the multifocal inflammatory dis- 
order of TgfbJ knockout mice, if the targeted allele is put 
onto a 129 >£ CFl mixed background (50:50), severe inflam- 
mation exists only in the stomach (29); on the mixed 129 x 
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Tabic J>. Background <fcpeadenqy ofTfrfe * Imockput phenqtypes 



HienotffFG pen,Ptri»!^»il vnrtoas strains [%) 



Phaaatypo 



129 xCF* 



129 * Ci57 



129 x C31I 



C57 



120 



C3H l39sC57x KIH/Dla 



l*«irop1»nl»ti(wi lalhality SO ND 

Volfe sa« lethal iLjr' 0 U 

Gastric iofliKmmitfcm 30** 20 1 ' 

hUesfcLnaHnftBmmntimi 0 ^Q" 

Colon cancer* ND 



ND 
SO 

N.n 

ND 



01) 
ND 
t 

ND 
ND 
ND 



ND 

m 

ND 
ND 

mo 



ND 
ND 
ND 
ND 
ND 
0 



0 

M 

m 

ND 
NT) 
ND 



Percentage of knockout animals fii'a given sirnin th;s*. have th& design.)*6:»Kl pheunLytiti. 

"For details, sec references #4, <37. . 

h Apprqxi mateEy lOft of atiitiitslft with aittaimrcmae dieea*fi have na delectable gaskmi:nti&tf*ta} tract inflammation. 

'Unpublished observations. 

ND - not determined. 



NIH/Oki x C&7BI/6 "background, the intestines are more se- 
verely inflamed than is the stomach (65). Finally- on a pre- 
dominantly 120 background (129 x CF1; "97:3}, Tgfbl 
knockout mice develop colon cancer if the inflammatory dis- 
order can be eliminated by other genetic manipulations that 
render the mice iinmunodeilcient {unpublished obsei*va- 
tions). However, on a predominantly C3H background, im- 
munedeficient Tgfbl knockout mice do not develop colon 
cancer (66). These results suggest that modifier genes exist 
that can significantly affect the function of TGFpl in preun- 
plantation development, yolk sac development, bowel and 
gastric inflammation^ and colon tumor suppression. 
Progress toward localising a modifier gene for the yolk sac 
developmental problem has been made (67), 

What is the best genetic background for knockout 
mice? Because background-dependent phenotypic variabil- 
ity will likely bfc found for most knockout mice, it will be use* 
rul to backer oss a targeted allele onto several mouse 
backgrounds to make congenic strains. In tins section t it will 
be argued that putting a targeted allele on a mixed strain 
background will also provide useful information. This is not: 
to say that congenic strains are not useful. Rather, the point 
to be made here is that there also are benefits to looking at 
?n heed strain backgrounds, Again, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockout animals on a 
mb&d genetic background is faster. The E3 cells are nearly 
always -from a 129 strain, and the blastocysts into which tins 
targeted ES cells are injected are nearly always C57BL/6. 
For reasons unknown, this is a good combination for estab- 
lishing germline transmission of the injected ES cells, The 
resulting chimeras can then be crossed with any strain de- 
sired, but 129, C57BL'6, or Black Swiss mica are most often 
used, and CFI mice were used in the case of our Tgfbl 
knockout mice, Heterozygous offspring from this crossing 
will then be inbred 129 or Fl hybrids of 129 and one of the 
other strains, Clearly then, the quickest route to having the 
knockout allele on an inbred strain is -through 129. For the 
other strains several generations of back crossing is re* 
quired, which can take well over a year. Unfortunately, 
strain -12 9 mice have low fertility and fecundity. Conse- 
quently, the number of offspring per litter is usually fewer 
than six. Although 129 x C57BL/6 hybrids are more robust, 
upon backcrossing onto C57BL/6, litter size decreases, 'lb 
the contrary, the Black Swiss and CFI strain* are robust, 
and litter size often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, bat 



rather are partially outbred through random breeding 
within their respective strains. Therefore, one of the choices 
one lias is to stay with *pure* genetics at the expense of a 
lower production rale and considerable delay before genera- 
tion of experimental animals, or sacrifice some genetic pu- 
rity to obtain a more efficient production colony. Ideally, one 
would want to do both, but this often is too expensive. 

Mixed' genetic background knockout mim often have a 
wider range of phenotypes, The Tgfbl knockout mice back- 
crossed onto either the 129 or C57BL/6 background 
(cungenics) yield only embryo lethality (63., unpublished ob- 
servations). On the other hand, when the knockout allele in 
maintained on mixed genetic backgrounds, embryo and 
adult phenotypes are maintained. 

The Tgfb2 & Tgfb3 knockout mice provide further ex- 
amples, The TgjbZ knockout mice have more than two dozen 
congenital defects and die either immediately preceding or 
during birth, or within 2 h thereafter (30). Table 2 indicates 
that most of the phenotypes are only partially penetrant. 
Though it is not documented, it is likely that the penetrance 
of some of these phenotypes would increase to nearly 100%, 
and some of the other phenotypes would disappear were we 
to put the Tgfh2 knockout allele on inbred backgrounds. 
Hence, the mixed strain background probably provided more 
information than would congenic strains. 

The TgfbS knockout mice have a cleft palate (31). One 
colony of TgfbS knockout mice was loft as a mixed back- 
ground (129 x CFI; 50:50) strain, whereas another colony 
was backcrossed several generations to the C57BI/8 strain. 
These two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe deftmg than did 
the mixed background colony. In the latter, expressivity of 
ctefung varied widely from animal to animal. This variable 
expressivity within the mixed background colony provided 
us with the opportunity* to obtain far more data on develop- 
ment of the cleft palate and was, therefore, more useful for 
making assumptions about the cellular and molecular 
mechanisms by which TGF[$3 supports palate fusion- Hence, 
using the Tgfh3 knockout mice, the mixed strain background 
provided more information than did the congenic strain. 
Consequently, a wider range of penetrance and expressivity 
ofphenotype is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variable 
penetrance of phenotype in a mixed background colony sug- 
gests that there are modifier genes for each phenotype that 
could be obtained by linkage studies. 
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Conclusions 

Questions have been addressed that arose From the last 8 
years irt which knockout mice have been investigated to ana- 
lyjte geno function at the whole animal tevoL These anastiaris 
concern, gene redundancy, apparent lock of phenotype in a sur- 
prising number t*fknockmit strains, and effect® of genetic back- 
ground on knockout phenotype. Using data obtained 
principally from Tgfb and F^/knockoui mice, it is argued that 
there is probably'littleredundaiKy m the genome CU., that few 
genes are dispensable for survival of the species). Apparent 
lack of phenotype more likely reflects our inability to ask the 
right questions, or our lack of tools to answer them, than i t does 
a true lack of function. Finally, discussion of genetic back- 
ground phenotype variability* including variable penetrance 
and expressivity, was used to present some of the advantages of 
working with mixed genetic background colonies of knockout 
mice. Far all the examples given here, there are counter ex- 
amples that must he taken seriously; consequently; these argu- 
ments must not be taken as absolutes. For example, if a. gone in 
a. particular mouse strain has recently been duplicated, it will 
most likely be redundant if one is studying tissue rejection in 
a knockoiit mouse, the genetic background obviously must be 
well defined and preferably inbred. Or, if one wants to use the 
susceptibility of a particular mouse strain to cancer to investi- 
gate the function of the knockout gene in progression of that 
cancer, the knockout allele must be put on that mouse strain. 
In general, however, when setting up approaches for investigat- 
ing" a new gene knockout mouse, I believe one would be well 
advised to assume that: there is little gene redundancy in 
mammals; there are knockout phenotypes even if none are im- 
mediately apparent; and investigating phenotypes in mixed 
genetic background colonies may not only reveal more pheno- 
types, but may lead to better under standing of the molecular or 
cellular mechanism underlying the phenotype, and may lead to 
nsedi fier gene discovery. 
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<*er*lc Plants Are Important for Both Celt 

p^t is damaged, lican often repair Itself by a process in which mature 
*?!lJja*ed o^* 'dedifferentiate/ proliferate, and then redifferemlute: mtu 
cgBtyp* 5 ** I" some circumstances die dtidUTewnfjaled cells can even form 
6 ^ I jcS l iftcdslttm. vvhtchom then give rise to an entire new plant, including 
^liStf* wmftHcabte plasticity of plant cells can l>e exploited to generate 

oecnfc plM*^ 1 * twn ce ^* growing in culture, 
"when a P^** of P 1 ^ 1 tiSssue is «ult*»&d m a sterile medium containing 
orients ajsci appropriate growth regulators, many of die cells arc stimu&ated to 
ilifetat* indefinitely in a disorganized manner, producing a mass of relatively 
^^eniiased cells called a callus. If the mitrietiCsi and growth regulators are 
"Lfylly- manipulated, i,mv can induce the formation of a shoot and tlwm ton* 
jSal meri$i™$ within the callus and, in many specie, q whoU» new plant can 

tfalhis cultures can. also be mechanically dissociated into single which 
*iH gr<fw and dhtde as a suspension culture, lit several plants— including 
petunia, carrot, potato, HfidAmbidapus—® single cell from such asus* 
MtftaiL culture can he grown into a small clump (a dottft) fiuj'ii whicli a whole 
Sartt c^mltf regGtieJtared. Such a cull, winch has the ability to give rise to ail pans 
Stkof^nto. is considered totipotent. Just as mutant mice cat) be derived by 
gai^ic m&aipula 1 "' 0 " of embryonic stem oeJb in culture, so transgenic plants 
ganbJcrcated from, single totipotent plant cells tramfeaed with DNA In quinary 

Th* ability to produce transgenic plants tm greatly ^accelerated progress in 
ttanysr^of plMii cdl biology. It tuts had an important role* far example, in i$o* 
&fagfsnep*ars for growth regulate is and in. onalysdng th.e mechftfti&tis of trvor- 
pfcoflCTtais and of gene expression in plants. I t j uts also opened up many new 
pK&ib&tfctm agriculture that could benefit both the farmer and the consumer, 
ithsi Biadeit possible, for «xampt«t to modify the lipid, search* and protein srof- 
tgeresfffved in seeds, lo impart pest and \irus resistance to plants, and to create 
mediated plants that tolerate extreme habitats Such as salt marshes or waier- 
SE^s«d soil 

UMiy of the major advances in undfttmnding anhmal development have 
ttrae from studies on the fruit Hy Dwsophfta and the nematode worm 
CmQt}\QS$fc%$kt$ifis t which are amenable to extensive genetic analysis as well 
Mtotxperimental manipulation. Process In plant developmental biology has, 
in the p®k been relatiively slow by comparison. Many of ihe plants that have 
fnwed most amenable to genetic analysts — such as matee and tomato-— have 
i& cycles and very targe genomes, making both classical and molecular 
JfiMtSt analysts time-consuming, Increasing attention is consequently being 
P®4 t& a fast-growing small weed, the common wall cress (Ambidopsis 
tofeU which has several major advmiutggt as a "model plant* Csee FigMre$ 
M> and 2 MQ?), Th* relatively Small Amiridopsis genome was the first plant 
$f&m& to In; completely sequenced. 




Figure 8-71 Mouse Hd> an 
cfi£)n*frnf!d defect in fifcrobtavt 
growth factor 5 (FGF5). FGFS b * 
oqgadws ptyjftkw^ $t Hit fbraatiwv. in a 
evtOui* Istlti^g FGF5 fnjg^ith the hair H fong 
compared v»tt3i fts h$t<ray£Gitj& liamnau 
|kfU.T«i^i.gt!«fK mice with pherKKypes 
tfut mtiriic aipecu of a variety of hurrun 
dlsonfett, iiitljtfu^ Alrh«imerV d^nse, 
^th*ro*der«S3. dabetcn. cyjtjc fibrciiii. 
ind tome r>pe <rf aivc^^ mv* be«t 
l^tMsratiKi, Their stwdy miy tead ts> the 
dev^opmcm of more effectiva tr^Ktt>«nei. 
fCowci?^ Gail Msftin fmtn J.ML Hefacre 
*t al.. Ca¥ 7fl: 1 01 7-1025, 1 99*. © %ktt*i&i 



^^Collections of Tagged Knockouts Provide a Tool for 
wainining the Function of Every Gene in an Organism 

^fi^/e collaboiative efforts are underway to generate comprehensive libraries 
fi^iHMi* in several nwdcl organisms, Including & cr/wwww^, C elegant, 
. fwto.AfithidtipM^ and thia n>nus^.T1it; ultimate ai mi in each case Istop-m* 
^ ion »f n^tant mm\s in wliich every getie in t.ht? otg^nism has 
(^Tf 11 systsmatiraUy deleted, or altered sucl» dm it c«m be conditionally 
tota ' CftJI ? ettolls °^ is ly 1 ^ wiH pfovUk aji invaluable toot for bwestlgai* 
hinctbn on a genomic scale. In some cases, each of the individual 
MMn die collection will sport a distlrKt rnotecular tag-sa unique DNA 
th 5^*%^ to make ident iMcatiOtr of the altered gene rapid and routine. 
1 tztwistxie, thi^ ta^k of generating a set of G000 mutants, each missing 
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which exogenous DNA is introduced from a bacterium 
into a host cell. The medhantsm resembles t hat of bac- 
terial conjugation. Expression of the bacteria] DNA b 
its new host : changes the phenotype of the cell In the 
example of the bacterium Agrakctttrrium tumefackn* 
the result Is to induce tumor* formation by an infected 
plant eell. 

Alterations in the relative proportions of compo- 
nents of the genome during somatic development 
occur to allow irwect larvae to increase the mmilber of 
copies of certain genes. And the occasional amplifica- 
tion of gent* in cultured mammalian eefe is indicated 
by our ability to idect variant eel Is with an increased 
copy number of some genes, Initiated within the 
genome, (he amplification event cm Create additional 
copfes of a gene that su rvive in either intrachremoso- 
mal or cxfrachroniosonwJ form. 

When extraneous DNA is introduced into euikary- 
otic cells, it nuiy give rise to ext ^chromosomal forms 
or may be integrated into the genome. The relationship 
between the extra chromosomal and genomic form* is 
irregular, depending on chance and to some degree uri- 
predictabte events rather than resembling the regular 
titterchangebetvpeen free and integrated forms of bac- 
terial plasm ids. 



Vet, however accomplished* the process muv fead to 
stable change in the genome; following its injection 
into animal eggs. DNA may even be incorporated info 
the genome and inherited thereafter as a normal < 0 Jn. 
pottenUsomttirncscomijiumg to function. Injected 
DNA mayenter tb« genfliijtcH vdl a* the soma, cre« 
mg a transgenic animal. The ability io introduce sp*. 
citlc gene* that function in m appropriate manne, 
could become a major medical technique for c Ur ih- 
genetic diseases * 
The -converse of the introduction of new genes h 
the ability to disrupt specific endogenous %em& 
Additional DNA can be introduced within a gene to 
prevent its expression and to generate a null allele 
Breeding from an animal with a null allele can generate 
a homozygous "knockout*, which has no active copy of 
the gene, This is a pwcirMmetrwd to investigate di* 
reciiy the Importance and fu nction of a gene. 

Considerable manipulation of DNA sequences 
therefore is achieved both in authentic situation; .and 
by experimental fiat. We are only just, beginning to 
work out the mechanisms that permit the cell to re- 
spond to selective pressure by ehaitgmg its bank of sc- 
quenra or that allow it to accommodate the intrusion 
of additional .sequences* 



The mating pathway is triggered by signal 
transduction 



•"pitE yeast 5, cersvisme cm propagate happily in ei- 
X iher the hapbid or diploid condition. Conversion 
between these states taJcfts place by mating (fusion of 
hapbid spores to give a diploid] and by spoliation 
( meiosis of diploid^ to give haploid spores), The ability 
lo cngi»ge in these activities is determined by the Iriat- 
ing type of the strain, 

The properties of the two mating typ^ arc mum- 
marked in Figure 17X We may view them as rest- 
ing on the ideological proposition that there is no 
potnt fa mating unless the haptoids are of different 
genetic types; and sporulation is productive only 
when the diploid is heterozygous and thus can ecu', 
crate recombinants. 

The mating type of 4 (haploid) cell is determined by 
the genetic information present at the A#AT loem Cfeffc 
that carry the AfATa allele at this locus are type a: like- 



wise, celts that carry the MATtx allele are type Oe. Ce\h 
of opposite type an mate; celts of the same type 
Cannot. 

Recognition of ceils of opposite mating type is 
figure <7.t Mating type consols several activities. . - . 



MAfo 



^ MATu 

Csfltype a # 

Matlrtg yos 
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Preface 



Over the past ten years it has become possible U> make essentially »«y muta- 
lion In the genitac of mke by utilizing recombination and embryonic stem 
(j-S) cells. Homologous recombination when applied to altering specific 
endogenous genes, refened to t& gene targeting, provide* the highest level of 
control overproducing mutations in ctentti genes. When, this is combined will) 
site specific recombination, a wide range of mutations can be produced, ES cell 
lines arc remarkable since after feeing established hmn a blastocyst, they can 
be cultured and manipulated restively easily in vitro and still maintain their 
ability Hvstep back into a normal developmental program when returned to a 
prcHicipladtatioin embryo. With the e*porx*Mial increase in the number of 
genes identified by various genome project* and genetic screens, it has became 
imperative that eindent .methods fee developed for dele framing gene function. 
Gem targeting itt gS cells offers a powerful approach to study gene function m 
a mammalian organism. Gene trap approaches In US cells, in paitieular when 
they Ate combined with sophisticated preset ecus, offer not only a route to gene 
discovery, but also gain information on gene sequence, expression mid 
mutant phenotype- 

The baste technology necessary for making designer mutations ur mice has 
become widespread and researchers who have traditionally used cell biology 
or molecular experiments arc adding gene targeting tecfcutUpss to their reper- 
toire of experimtai approaches- A second edition of this book was written for 
two main reason*. The first was to update previously described techniques arid 
to add new techniques that have greatly expanded the types of mutations thai 
can be made using recombination in ES cells. A chapter in this new edition 
describes the design and use of site sped*!* recomhinaMon tor gene targeting 
apffroiKhcs and pr Auction of conditional mutational. The second reran to 
the new book was to provide si more in depth discussion of the experimental 
design considerations that are critical, to a successful gene targeting study and 
to add approaches for analyzing mutant pnet*otypc&, the most interesting 
part of an experiment. Gene targeting experiments should be designed to 
go far beyond just making a mutant mouse. The success Of a gene targeting 
experiment no longer lies in tins making of the mutation, hut depends Oh the 
imaginative and insightful analysis of the mutant pheno types that the mutation 
provides. A chapter m this edition describes the use of classical genetics in 
combination with gene targeting to get the most out ofu genetic approach to u 
biological question. 

The nature of in vivo gene targeting studies of gene function are such that 
critical design decisions must Ik; made at every ivtep in the experiment, and 
each decision can have a jnajpr impact on the value of the information 
obtained. From the start, the type of mutation to be made must he considered 
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carefully- Whereas !0 years ago most mulatto *W designed to create null 
mutations and were therefore rfclatLveiy simple to design, at present, a null 
mutation is only one of u long itet of mutations that can be made, each provid- 
ing different insight into the function of a gene* Point mutations, large dele- 
tions, %zm exchanges (fcnacMfts) and conditional mutations: are but a few of 
the chokes one faces at the start of a gens targeting experiment, The next 
choke is the source of DNA for the targeting experiment and ESeeli line to be 
used for the manipulations* Once the mutant ES cell clone has been obtained, 
there are then a number of alternative approaches that can be used to make 
cell chimeras that depend on the ES cell tisic which was used. Finally, and 
most impomnily, is the analysis of any phenotype that arises. This second 
addition discusses techniques used to analyze mutant mice, ranging from jrt»n» 
dard descriptive: evaluation, to a chimera analysis or complicated breeding 
experiment thai utilize double mtiKMi& If mice are simply considered as a 
"bag of cells* or an in vivo source of selected cell types, then the tremendous 
resource w hich mice offer a$ a model organism Ls not being realized. Tlie life of 
a mouse represents a continuum of dynamic processes, including, pattern for- 
mation, organ development learning, homeostasis and disease^ By making 
genetic alterations in mice using gene targeting and BS cells. \h% ef fects of a 
given change can he studied in the context of tiie whole ofg&ftfcsm. 

My goal in editing, this hook was to provide & manual that could take a ne w- 
comer to the exciting field of gene targeting and mutant analysts in mice from a 
cloned gene to a basic m^derstandbig of the genetic approaches available mk\g 
BS cells, m& how each lectuiique cm be u&ed 10 design a particular its vivo *e$r 
of gene function. The book should &I$o provide a valuable bench sade resource 
for anyone carrying out gene targeting or geaic trap experiments, a chimera 
analysis or classical genetic approaches, I woiUd once again like to extend 
many thanks and my deepest appreciation to all th« authors for their great 
efforts in Including detailed protocols and jmcid discussions of the various 
approaches presented, 1 would also tike to thank my family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality, ffriaUy, since many of the techniques use mice, the experi- 
ment* should beanied out in MXftttfonce with local regulations, 

New York f NY A.LJ 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY, ALEJANDRO ABUIN, and ALLAN BRAPLBY 



1. Inirod action 

W Nisrt a fragment of genomic DNA is introduced into a mammalian cell il can 
locale- and recombtnc with the endogenous homologous sequences. Tim type 
of homologous recombination, known as gene targeting, is the subject of this 
chapter, Gene targeting has beeii widely used, particularly mi mouse em- 
bryorsec stem (ES) cetbs, to make a variety of onisations in many different loci 
$0 ihat the phenotypk consequences of specific genetic moditieaiJons can be 
aivscsscd in the organism. 

The first isxp^mmni^) evidence Cor tbe occurrence of gcue targeting i« 
ruamm&ti&n cells was made using a fibroblast cell line with a selectable 
artificial locus by LLn ct al. (I ), and was subsequently demonstrated to occur at 
the endogenous p-globin gene- by Smithies em/, ia eo'lhroleuk^raiaeeJJs (2), 
In general, the fre*|t*endes of gene targeting m nsatnuuilJait eeUs ure relatively 
tow etmtpitred 10 yeast celts and this is probably ictoted to, at least in part, a 
competing pathway: efficient integration of Use iransfeeccd ON A into a ran- 
dam chramusoroa! siic, Ilic rdaiivc ratio of targeted to random tategr ation 
events will determine the case with which targeted clones are identified in a 
gene lar^imge^i^dmeiiL This chapter details aspect* of vector design which 
citn determine the efficiency of reeombiaatit>«, the type <>f mutation that may 
be generated in the target Joeus, as well as the selection and screening 
strategies which can be used lo identify clones of ES cells with the desired 
targeted modification. Since the mosu common, experimental strategy is to 
ablate the function oi a target gene {nuit attek) by Lmrodueiiig a selectable 
marker ge ne, we initially describe the vectors; and the selection schemes which 
are hefpfu! in the identification of recombinant clones (Sections 2-5). In 
Sfcctton 6. we describe the vectors and additional considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous sequencer 
Finally. Section 7 is dedicated to (be use of gene targeting as a method to 
express exogenous genes from specific endogenous regulatory elements in 
vivo, also fcn&wu as *irriock»iti* strategies. 
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enrich populations of ira nsfeetcd cells for tailed integration events (Section 
4.2.1)- 

2,1 Design cojisideratioiis of a rcplocerneiit vector 

The principal consideration in the design of a replacement vector, .is die type 
of mutation generated. Secondary (yet still important) considerations relate 
to the sck^ion scheme And screening technics required to isolate the re- 
combinant cLoik^, The recombinant alleles generated by replacement vectors 
tvpicailY have ;i selection cassette inserted into a coding e*Gf* or replacing part 
<rf the Locus. It is important to consider that, exon interruptions and small 
deletions; will not necessarily ablate the function of the ta rget gene to generate 
a null allele. Consequently, it is uecessary to confirm that the allele which has 
been generated is null by UNA anoVor pjotein analysis and It* many cases 
transcripts and truncated proteins from jsuch a mutant allelic c*B he detected. 
Considering that products from she mutated locus may have some function 
(normal or abnormal) it is important to design a replacement vector so that 
lire targeted allele is null, particularly in the absence of a good assay fof the 
£cnc product. Disruption or deletion of the coding sequence by the positive 
sdection marker wih in most instances ablate a gene's function. However in 
some situations a truncated protein may he generated which retains some 
bMngfcai activity, thus some knowledge of mutations in a related gene in 
another -organism can be helpful in the determination of the possible function 
oF a tainted allele, Null -alleles arc more likely to occur by deleting or 
recompiling a aelectaon cassette into more 5' exons rather than exons that 
encode the C-tcrminus of the protein, since under these circumstances 
mbii-outl portions of the wild-type polypeptide would he made, 

There-' arc several a'n^idcraiions to wife into account when a positive, 
selection marker is to be inserted into an exact. One critics! consideration is 
that smcc the length of an exon ean influence R^A spHeirtg {I), an artificially 
fevge exon caused by the insertion of a selectable marker may not be 
recognised by the splicing machinery and could be skipped* Thus, transcripts 
initiated from the endogenous promoter ifiay delete the mutated exon from 
ihe mRNA species or even additional exons. If a skipped exon is a coding 
exon whose nucleotide length is not a multiple of three (codon) the net result 
will he both a deletion and a frame-shift mutation of the gene, which wilt 
often generate a null allele. However, if the disrupted coding exon has a 
nucleotide length which is a. multiple of iUtcc, if spliced out, this would result 
in a protein wUb a small in-frame deletion which may retain partial or com- 
plete runtaion- The same concept applies to gene targeting vectors in which 
exons are f>c ing deleted and replaced by the selectable marker. Deletion of an 
exon or group of exons with a unit number of eodons may also result in a 
functional protein prixhtcs with an in-frame deletion. For most purposes it is 
advisable to delete portions or all of tins target &erte so that the genetic 
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Production of targeted embryonic 
stem cell clones 

MICHAEL. I*. MATJStS, WQJTEK AUERBACH *nd. ALEXANDRA L* 
JOYNER 

1, Introduction 

The discovery that cloned DNA introduced into tissue culture cells can 
undergo hftmotogaus recombination at sialic chromosomal loci has 
jevOtuliOdiifCKl OUr ability to study gene function iti cell cull ore and in vivo. In 
ifceoryv this techiHifjjtf&i termed gene targeting, allows one to generate any type 
of mutation in any eknigd gene, The kinds of mutations ilm cm be created 
include null mutations, point mutations, deletions of specific fq^iiomd 
domains, exchanges of functional domains (torn related genes, and gairfc»of* 
fund ion mutations in ^hich exogenous dfrNA Sequences arc inserted 
jfdjjacem tts endogenous regulatory sequences. In principle* such specific 
genetic a Iteration*? can made in any celi Uric growing: in culture. However, 
not elU cell types cast be maintained in culture under the conditions necessary 
tar tnirtsfeclion and selection. Over ten ye»rs ago, pluripotent embryonic 
stem {&$) celts derived from the inner cell mass {ICM) of. mouse blastocyst 
stage embryos weie tsohied and conditions defined for their proportion and 
maintenance in culture (L 2). ES celts resemble ICM cells in many :re specif 
including their ability to contribute to all embryonic tissues in chimeric mice. 
Using stringent culture conditions, the embryonic developmental potential of 
ES cells can ha maintained following genetic manipulating and after many 
passages m vttm. Furiherittcr.e, permanent mouse lines carry trig genet ie alter* 
ation* introduced into HS cells cm b£ obtained by transmitting the mutation 
ihiougJi the gcrmlinc by generating MS esll chimeras (described in Chapters 4 
and 5). Thus, applying gene targeting technology to ES ceils in culture affords 
rcscarchiiris the opportunity to modify endogenous genes and study their 
function in vivo. In initial studies, one of the main challenges of gene targeting 
was to distinguish the rate homologous recombination events from more com- 
monly occurring random integrations (di&ft&cd in Chapter 1). However, 
advances in cell culture and in selection schemes, in vector construction using, 
isogenic DNA, and in the application of rapid Screening procedures have 
niade. it possible to identify homologous reoomhiriation events . effidemty. 
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Preface 



Toileted mutation of genes expressed b tit* nervous system is an exciting research 
field thai ts forging a remarkable amalgam of molecular genetics and behavioral ncusro- 
seieftce. My laboratory in tiethc&da has been the fortunate ra:ipisnt of visits from many 
riioUcutar gencttdstii ovsr the past five years,, wius conic w uk, u What's wrong with my 
mouse? Can yon tell vcbat behaviors; are abnonmal in our milt mutaias? And how you 
measure behavior, anyway?" 

We have hid some rcniaikablc opportunities to collaborate with outstanding molecular 
geneticists m the National Institutes ©£HeaUh intramural Research Program and through* 
ota iliew^rldfia instigations of the btfravietal effects of nutations in ggn&«*pf*s$ed in 
the mouse brain. Each of these collubaraitosts has been a learning experience, increasing 
our uj^dcrstaivding of th* optimal expmfiientai design for analyAg. behavior*! phenotypes 
of mutant mice. What the bead tests to address each specific hypothesis? Which meth- 
ods work best for mice? Which rat tasks can be adapted for mice? What arc the correct con- 
trots? What are <3te hidden pitfalls, lurking artifacts, Mm positives, arid false negatives? 
Whfch statistical teste wc most sensitive &t detection of the genorypc crTcct? What is the 
rninhrwm Timber of animate necessary for each genotype* gender, and age? Our laboratory 
and inatry OuVrs arc gradually working oiU the best methods for behavioral pbsnotyping of 
tRj&genic. and knockout mice. 

In the same conversations, motccubr geneticists frequently asked me to recommend a 
book they could consuls to learn inure about behavioral tests far mice. Apparently th* sci- 
entific book publishers arc receiving simitar queries. Aim Boyle md Robert Jtenngta at 
John Wiley & Sons, convinced of a r«tl need for such a book, sA\Tet-fcnlked im into fill big 
the void- What's Wrong ffith My Atau&e? is written for these pioneering molecular : ifencti- 
cists, and tor the totentsd stiidetits; who will be the next driving lore* in :nWi"it$: the field 
forward. 

On a personal level, I would like to express deep apfffec-iiUfon to alt of my behavioral 
newrosckftflst colleagues around the wraid for their ovtstfitiding v>mV^ past, present and fu- 
ture, Your contributions to the excellence and abwiitarifcc of mouse behavioral rests provide 



the foundation for the nykfy mpm&i^$toeM\fic&sc&wc$ forthcoming from behavsoral 
pfoenotyplng studies of tfansgsnk and knockout rake. Tftis hxk is a testament to your dc- 
eamplishni cists* 
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Designer Mice 



The disease is inherited. Family pedigrees indicate m atitoMirrai dommasii Linkage 
analyses tcvxal one strongly assayed chromosomal Iscm Mapping W*«Sfi<* the gene. 
The c»NA for the gerac b sequenced. The anatomical di£triln*tio& of Ifee £*ne is primarily 
m ihx bmtL The symptom* of the disease an; primarily ixuropsyshiatric. There is no treat- 
mem for the disease. The disease is lethal 

Your mission should you choose to accept it, is to develop a treatment for the disease- 
Replacement gene therapy is the best hope. But you doa't Joaow ihc gene product, you 
don*t knew lis function, and you don't know if gene delivery would be therapeutic Wtet 
do you start? 

These days, you may choose t*> start with a taxgeied .£en* mutation, to gssamte a nrotant 
mouse model of the hereditary dtosc. A DMA construct containing the mutated form of the 
responsible gene is developed. The construct h insetted into Ihc mows* $e**o«te. A line of 
mice with the mutaled U generated. Oii^iJCietistics of the mufcmi mice arc identified in 
^mparisois to norma* ojoools. Salient charattttwtics rctevrot to the human disease are quu> 
tiiaicd. These dis^tselike traits ore then used as ; teat variables for evaluating the effectiveae** 

treatment hjlouve treatments are atkmnistcicd to the mutant mkc A treatment *t*t pre- 
vents or reverse she disease traits b the mutant mke b token forward for further testing asa 
potentiai tfeenipemic treatment for the bunas genetic disease, Geac therapy, based on Untied 
gene replacement of ihc missing or incorrect gene in the button hereditary disease, h de- 
scribed in Chapter 1 2. In the tutu**, medics* may shift etttptasis ta treating the jsytiqtfoms 
to adbiifiterii^ replacement gt*ie* that effectively and permanently aire the disease* 

Tasted gene mutation in mke represents a new technology that is revokrtioriisung bio- 
ntedfcal research. Transgenic mice have an txtrugtn* added. An additioas&l copy of a ncr- 
tjwU gen* is inserted into the mouse genome to- study overexpressson of £<£&e product Or 
t* new gene b added thai is not normally preset* in the mouse geaajne, The new gene may 
be the aberrant form of a human gene linked ta adisease. For example, the mutated form of 
the hiimisn hwdngtin gene is added to the rraouse genome t& gpenetwa a mouse model of 
llun^ngtDfl's disease, Knockout mice have a#<w? fafaett. The null mutant homozygous 
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knockout mouse fe dteficiem in Mh alleles of a gtme; the aetero/ygotc is deficient in one 
of its two alkies for the gem gsnotyp* is for the null mutant, +/- for the hct- 
cruzygote, susd for the wfldtypc normal control. The phemifype is the set of oo- 
served chamctcH^iics resultmg from (he mutation. Piicnotypeg include biochwtuciO. 
anatomical, physaolofpcai and behavioral characteristics. 

Targeted mutations of genes expressed in the brain ore revealing the mecbaiusms mter- 
lying normal facbawarjuid behavioral abnarmafitics. Moum; models of human neutfftpsy* 
cbiatric diseases, such as Alzheimer^ disease* Parkinsons disease, Kmuington's disease, 
amyoimphk lateral sclerosis, obesity, attorcjua, dcjttai<ii«n, alcoholism, drug addiction, 
schkephteaia, and ana my, arc likely to be characterized by their behavioral ptamotype. 

This hook is designed t<> introduce die novice to the rich literature of befovfanU tests in 
mice and to show how to optimize the application of these tests for behavioral pltenotyping 
of mutant mice, Uased on out experiences,, our laboratory is wortttag toward a unified ap- 
proach for the optima! conduct of twhaviaral pbeitoiypiag experiments in mutant rake. 
Recommendations are offered for a three-tiered sconce of behavioral tests* jpplicabtc to 
each behavioral domain relevant to genes* e repressed in die mammalian bruin. 



SCOPE 

This book ts designed as an overview of the mutant mouse technology and an btroducion 
to tbc ricld of behavioral ncurosdence, as it can be applied to behavioral phenotyping of 
transgenic ami knockout mice, Molecular geneticfefe may browse through the chafers .rel- 
evant to their gene, to get ideas for possible tests to try. Oehaviorat at urosctcntEsls w&> have 
no expe4eucG with mutant mace may udsh to read about the methods for developing a trans- 
genic Of knockout, the behavioral tests that have been effectively opplfedL and some of the 
successful experiments published in the genetics literature, 

Chapters are organized around behavioral domains, including general health, neurolog- 
ical reflexes, dfevdqprnctita) miteones, mom function Sensory abilities, reaming and 
memory, feeding, sexual and paternal behaviors, social behaviors, ared rodent paradigms 
relevant to fcai, anxiety, depression, sch izophrenia, reward, and drug addiction. Each chap- 
ter begins with a brief history of rite early wm£ in the field and the pieman hypothec about 
mechanisms underlying the expression of the behavior A list of general review aniens and 
books is offered for each topic, encowaging the inter e$ted reader to gain more in~d*pth 
Jajowled^c of the relevant literature. 

Standard tests ore then presented b detail Highlighted art those tasks thai have been ex- 
tewhtiy validated in mice. D^^stratiojts of genetic csrapoiteritsi of task performance are 
described, including experiments eompaiirsg inbred strains of mice (strain distributions), 
<njaniittiiive trait loci approaches (linkage analysts), and naturally occurring mutants ( spon- 
taneous mutations). Experimental design and specific behavioral tasks arc presented as 
amply as possible. Extensive reference arc included for each behavioral test to obtain 
more compter methods from the pnntary experimental Hienmuc on the topic* 

illustrations are provided for the most frequently used behavioral tasks, Khrf>tog*ap&£ of 
the equipment or diagrams of the Sask accoiRipany the text Samples of data are shown. The 
data presentation is designed to indicate the qualitative and quantitative results that can be 
expected when the task is properly conducted. 

Each chapter includes the results of several representative experiments in which these 
tasks are success fully applied to character^ transgenic m& blackout mice, Example* are 



WHAT'S 
WRONG 
WITH MY 

MOUSE 



Transgenic and knockout mutations provide an important means for understanding gene 
function, as welt as for developing therapies for genetic diseases, this engaging and informative 
book discusses the many advances in the field of transgenic technology that have enabled 
researches to bring about vaHous changes in the rncRjse genome, Equal emphasis is given to 
both the principles of transgenic and knockout methods and their applications. A clear and 
concise format provides researchers with a comprehensive review of the behavioral paradigms 
appropriate for analyzing mouse phenotypes. 

What's SYrong with My Mouse? et plains the differences between transgenic knockout mice and 
their wild-type controls, while providing critical info* matron about gene function and expres- 
sion. This volume recognizes that newly identified genes Can provide useful insights into brain 
functioning, including brain malfunctioning in disease states. Written by a wor Id - renowned 
expert in the fseld. the material also cove**: 

• How to generate a transgenic o* knockout mouse 

• Motor functions (open field holeboa/d, rota rod, balance, grip, arcadian activity, etc.) 

• Sensory abilities {olfaction, vision, hearing, taste. tcRjeh, nociception) 

• Reproductive behavior, social behavior, and emotional behavior 

Researchers rn neuroscienca. pharmacology, genetics, developmental biology, and cell biology 
will all find this book essential reading. 
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